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PREFACE

The original work on this report was done by L.
Katter before he left JPL in December 19620 At that time,
the Ranger Block 11 program was essentially completed.
The temperature comml design of the Ranger Block HI
spacecraft had not Leen completed. For this reason, most
of the numerical values for power dissipation, surface
properties, cte., used for calculations in the original draft
of the report, reflected the themal design of the Ranger
Block H spacecraft. When work was resumed on the report,
1t was decided to Teave the numerical caleulations as thev
were and to supplement them with an appendix reflecting
the Ranger Block I themal design. The revised calcu-

Lations are contained in Appendix \.

Since the completion of the Ranger Block H pro-
gram, four themal tests with solar simulation have Leen
performed in the JPL 25-ft Space Simulator by the Ranger
temperature control group. In Appendix B, some comments
are made relative 1o problems encountered in perfonning

these tests and analvzing the results,
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b
ABSTRACT 0\ lﬂ)

\

A study has been made to determine the offect of
vartous solar simulator operating characteristios on space-
craft thermal tests, Characteristios considered arer (1) the
effects of decollimation, (2) spectral mismatch, and (B
axial and radial vanations of energv flux densite. Inoaddi-
tion, the effect of solar simulator optics in the chamber

has been considered for cortain special cases.

. INTRODUCTION

\t the present time, spacecraft thermal control design is based primarily on avalvsis. Practicality
limits the number of pieces into which the spacecraft can be separated for analysis and the degree of detail
with which these individual pieces of the spacecraft may be analyzed. The capability of handling more of
this analysis by computer techniques is being developed. However. the uncertainties in solar absorptance.
emittance, joint conductance. and internal power dissipation. coupled with the difficulty of calculating
combined specular and diffuse heat transfer. limit the solutions to the prediction of a relatively wide span {or
steady -state flight temperatures and transicnt temperatures. A valid experimental verification of the analyti-
cally determined thermal design is highly desirable and could result in a reduction in the required uperating

temperature range for many of the spacecraft electronic components. thus increasing spacecraft reliability.

For any constant temperature portion of a spacecraft (noded radiating to space at steads state, the

temperature of the node will be defined by the statement of energy conservation

2%34 esT? (N
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wher:
s ?n = pet heat tnput to the node
A = the external radiating area of the node
€ = the average emittance of the node
T = the ubsolute temperature of the node

& = the Stephan-Boltzmann constant

Faking the Logarithm and then the differential of Fag. ) gives

=4+ — (0]

Vssuming that the external areais known (or can be measured) with negligible error (81 0, Fq. (2)

't d\h (RN

Az z
7‘-:.4:2-1-49—-7:' 3
2?" € T

Phe conservative assumption that the cerors in the individual terms making up . (3 should be added in a

scabar e rather than statisticalhy vields

—— —— (@3]

This form of the statement of energy conservation will be useful for the discussion to fallow.
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The information of primary interest in analvsis and thermal testing of a spacecraft is the temperature
distribution among the various spacecraft nodes. Fquation 1) may be rearranged to show the dependence of

temperature deviation from nominal flight temperature on variation of emittunce and net heat input to a node.

AT
T

[N et
4] %y,

-
4

(4"

""l‘:c

It can be secn that a decrease in emittance has the same effect on temperature as an increase in net heat

input. Thus. the worst temperature deviation will occur when X N ¢ "X ¢ and N« < are of opposite sign.

In appraising the value of solar simulator testing in relation to analyvsis. it is more convenient to
cxamine the variations of heat input to a node rather than variations in temperature. An estimate of the error
in the calculated heat tnput to a node mav be obtained by evaluation of the terms on the right side of Fg. (1.

This errar mav be compared with the estimated error in heat input during solar simulator testing.
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II. HEAT INPUT ERROR IN ANALYSIS

Uhe desiun operating temperature for most spacecraft electronios is 85 10 with an allowable
temperature fonge of 0B FL Do thermal design caloulations. o attempt was made o the past to design to a
temprrature as clase as possibie to the desige operating temperature or to the mean of the upper and Tower
temperature inits forie pven node Vs previcosiy mentioned. these caleulations result in oo relatively wide
spen for steadv-state flight temperatures and manewnver transient temperitures. | ader worst case conditions.

N B the nede could be as farge as 33 F about anominal 85 F during steady-state foruise) operation.

Febbe T lists the emtttinees of sin surfas e treatments used on the Ranger spacecraft. The uncertainties

st posalt from the rosalviog power of the tastruments used (o measure the emittances of the surfaces.

Table 1. Absolute emittance and relative uncertainty

of typical spacecraft surfaces

| Moteriadl  © Absolute emittance . Relotive uncertainty, %

z Black paint 0.90 - 0.02 2

" White paint PV 100; 0.85 : 0.02 \ 2

| White paint JW 40) 0.78 - 0.02 3
Aluminum paint | 0.30 - 0.03 10

" Polished sluminum 0.045 - 0.005 ki
‘commercial polish’ |
Gold plate | 0.035 - 0.005 14

T ! — DU

Phe desirod average emittane e of the Rarger Block T spacecraft electronte assemblies fell between

B apd 00 These emittance~ were achicved by mosaies of white paint applicd v gold plate or commercially

pobsbed alaminume For this range of emittances. the unknown would be T to Ve respectivels, with 64

Soprosenting Yhe miderange,

ibe vortatems of emittance and temperature assoctated with analhvtical design were discussed in the

precedias poravrapiies Phese s dues may be used in g 01 with the sign relationships discussed to obtain a

aucerioal vaive for 20N ;0 X o ueder the condition of worst temperature deviation:
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ZA
s ?}q:‘{. 0.06 + 4( * 'iz-' - £ 0.26 (1
9» 545

Thus. if solar stulator testing is to provide a significant improvement over analyvsis, the total heat input to
the node o question must be within 207 of ts flight value. The possible sources of crrors in heat tinput

during solar simulator testing will be discussed below.
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[l SOURCES OF HEAT INPUT

In space. the sources of heat input to a spacecraft node are the following:

. Flectrical power dissipation.
2. Absorption of directly incident solar energy.
3. Absorption of indirectly incident (reflected) solar encrgy.

1. latercepted infrared emission from other spacecraft parts.

5. Net conduction from other spacecraft parts.

During a vacuum thermal test with solar simulation. each of these five inputs will be simulated with some
g I
error. In addition to these inputs. some additional “un-spuce-like" inputs will vccur during testing. These

un-space-like inputs can be broken into the following classes:

>

Frnergy absorbed on surfaces parallel to the Sun — probe line due to decollimation of the

solar simulator.

. Fnergy reflected by the spacecraft back to the solar simulator and rereflected again to
the spacecraft.

4. Faoergy emitted by the spacecraft and returned to the spacecraft in a manner similar to
that of the preceding input.

9. Fnergy emitted by the various optical elements of the solar simulation system.

10. Faergy reflected und emitted by the cold (=3207F) black wall sheoud.

. accumulative, or

The errors associated wiith the above tnputs to a subassembly may
negligible. depending strongly on the spacecraft configuration and on the geometry of the subassembly. \
summation of the differenves between the values of terms 1 =5 in a solar simulator test and their respective
counterparts in space and of the values of terms 6 -9 will give a conservative value of X N ¢ . Input 10 will
not be included in the summation since it is mainly a function of chamber geometry {which is not considered in
this memorandum) and 15 relatively insensitive to the quality of solar simulation. The preceding summation

may be divided by a summation of space inputs 1 =5 1o arrive at a value of 2\ ¢ /X ¢ . Thus.

SNg, Ngp s NG s Ny Mgy - Mg - Ny Vo - Ngy s N gg )
S - {6

iqn ([] + (12 4 (lps + (}_‘ + (I:‘

This summation may be compared with the value determined above in Fq. (5).
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IV. TERM-BY-TERM DISCUSSION OF HEAT INPUTS

A. Electrical Power Dissipation, q,

Sources of differences between electrical power dissipation in space and in a test chamber are non-
flight hardware, ground-type power systems. and power through instrumentation cabling during these tests. \
continuing effort to minimize these sources of error seems to have reduced them to a negligible magnitude. As
for measurement of q,. itself. we are not so well off. Measuring techniques and statistical variations of sub-
copponents preclude an exact measurement of g,. At this time most power measurements are thought to be

accurate to 1H%. A typical set of power dissipations for the Ranger Block 1l spacecrafts is given in Table 2.

Table 2. Average power dissipation for three spacecraft elements, q,

Object Power dissipation, w
b [ _ﬂ
Major electronic assembly 4.4 10 26.4
Scientific package 0.03t0 0.88
Structure 0
B. Direct Solar Absorption, g,

In space. 130 watts of solar energy per square foot of normal area is nominally incident at the Farth's
mean distance from the Sun. The fraction of this energy () absorbed by a surfuce in space depends strongly
on the surface properties and configuration with respect to the Sun. Table 3 shows the solar energy tvpically
absorbed {g,) by various Ranger objects during flight. During thermal vacuum tests with solar simulation,
errors in “‘solar’” energy absorbed will arise because of imperfect spectral match and imperfect collimation
(decollimation) of the solar simulator. For purposes of analysis, it becomes convenient to separate these
errors so that \ gy =\

qa . + \ g, e . . A discussion of each of these errors will follow.
2 spectral 2 decollimation

The term A 4, <pectral MY be interpreted as the difference between the energy absorbed per unit

normal area in space and that absorbed in a space simulator. The energy absorbed by a surface in space per

unit normal area is given by the integral

ga = Lo B ) )
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Wh(‘.l'(‘
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Table 3. Solar energy absorbed by three
spacecraft elements, ¢,

Object

Solar energy absorbed, w

Major electronic assembly 9.7
{average for 6 chassis,

Ranger Block {1

Science assembly (Ranger 8.8 to 20.5
Block 1)
Structure {Ranger leg) 2.9
e o
\\'.l\.'c:]{‘ngth

absorptance of material at wavelength «

flux density of solar radiant energy per unit area and unit wavelength at wavelength »

In 4 solar simulator the enrrgy absorbed per unit normal area is given by the integral

’/5 0‘ (M) f/“(\) "](“\) «2(*) ,n(r\\ ’71(";) ‘2(*) ’r()1 d*
wavelength

absorptance of material at wavelength *

flux density of solar simulator light source radiant energy per unit area and unit
wavelength at wavelength *

reflectance of nth mirror element in optical sy stem at wavelength ~

transmittance of nth window or lens in optical system at wavelength X

(8)

Notice that in Fq. (7) the energy absorbed is the integral of the product of the spectral absorptance and the

quaatity being the effective spectrul distribution of the solar simulation source in the test volume after

! spectral energy distribution of the source or Sun. Fquation (8) has the same form as Fq. (7). the bracketed

having been modified by reflections and transmissions in the solar simulator optics. Thus. for a given surface

ct{M) fixed : the energy absorbed in various energy spectrums may vary greatly. depending on the spectral
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characteristics of the source. The error \ ¢, cpertral i~ the result of this variation and is given by the

cquation

' [
A 93 speetral q» 9o th

This error may be caleulated if all terms in Fq. (T) and (8) are known.

Some difficulty may be encountered in evaluating the integrals in Fq. (7 and (8) to any degree of
accuracy due to incompleteness of data nn the parameters involved. Although data on () is available for
some materials, work is continually underway to improve the measurements and extend them to other

materials. since 207 s the backbone of anv thermal analysis. The spectral energy distribution of the Sun,
I 000 is nomally taken to be that given by Johnson (Ref. 1), Data on the spectral energy distribution of
most sources conxidered for use in solar simulators. [ - (2), s rather difficult to obtuin. since manufacturers
seem rather reluctant o publish this data 1o the necessary aecuracy. Fyen with data on /“_f.:\. one is faced
with the difficulty of trving o evaluate variations in /N(\) and :“n(,\) and Tn(\ } of the optical elements
the system with operating time. At the present time, spectral data on these variations is virtually non-

existent.

The problem of spectral cnergy absorption esrors is further' compounded by the diversity of
characteristics possessed by the various materials normally used in temperature control. Four widely used
surface treatments are commercially polished gold plating, commercially polished aluminum. white paints,
and black paint. The first three are far from being grev bodies, having significantly different spectral
absorptances for ultraviolet. visible, and infrared wavelcngths. Gold has a high absorptance in the ultra-
violet and visible regions. while its infrared absorptance is very low. Aluminum has it< highest
in the ultraviolet and its lowest absorptance in the infrared. White paints have higher absorptances in the
ultraviolet and infrared than in the visible. Obviously, a close approximation to the solar spectrum is needed

if the absorptance errors of all of these surfaces are to be small.

To demonstrate the effect of spectral errors on various materials, a computer program was written to
evaluate the integrals in Fq. (7) and (8). Some very rough values of A 94 Sp(_“rd]"qz obtained from the
computer results are given in Table 4. The values presented in Table 1 are crrors relative to the respective
solar energy absorbed. Since these ecrars are a fraction of the solar energy absorbed. they will affect the
temperature of nades with low internal power dissipation more severely than thuse with high internal power

dissipation. Note that in Table tonly the 50% Hg-Xe-50% Xe system has less than a relative 10% error for all
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five spacceraft surfaces. This system seems to have good possibilities. However, the calculations in this
memorandum have been performed with the assumption of a carbon are solar source. It should be pointed out
that the values in Table tare approximate and do not take into account variations in fireball size and
position with respect to optical elements in the system. Much work remains to be done on improvement of

solar spectrum simulation both from a theoretical and a practical standpoint.

Table 4. Calculated absorptance error relative to solar absorptance, %

1 2 3 4 5

Gold (polished) + 851+ 309!+ 31 . 4.5 31.8
Aluminum (polished) |- 2.1{+ 85{+ 7.6 | - 0.3 1.4

ZW-60 white <10 |- 88|.124 | 45 16.6
Aluminum paint + 2 + 35¢ - 4 1.0 « 1.7
Black paint 0 0 0 0 0

Column 1 = Carbon arc with one aluminum reflection and trans-
mission through 2.4 in. of quartz.

Column 2 ~ Westinghouse Hg-Xe (bare).

Column 3 — Westinghouse Hg-Xe with one aluminum reflection
and transmission through 1.6 in. of quartz.

Column 4 - 50% Westinghouse Hg-Xe, 50% Xe (bare).

Column 5 - Hannovia Xe (bare).

}is a result of

The error due to decollimation of the solar simulation source (N ¢, 4 olimation

energy flux density variations in the test volume, biurring of shadows, and illumination of surfaces parallel

to the Sun —probe line (sidelighting). Idecally, the decollimation angle of the solar simulation source should

be that of the Sun (32 min of arc). However. this is obviously impractical at the present time, and the effects
of larger decollimation angles will have to be accounted for. The sidelighting effect will be discussed under

(]() l)(fl\)\‘\ .

Fnergy flux density variations in the test volume are the result of decollimation of the solar source
and misalignment of the simulator optical system. Uniformity of flux density may be defined as the percent
deviation of flux density from nominal over a given area. It is presently felt that a variation of 5% in the
longitudinal and radial directions of the test volume, measured with a detector area of 1in.% is an acceptable

error. These figures, if attainable, should make it possible to neglect the secondary effects of the warped

10
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spacecraft temperature field discussed below under " and s However, this variation would probably still

not furnish sufficient uniformity to permit the use of Sun sensors during a spacecraft systems test.

Two examples of shadow blurring are given in Figs. 1 and 2. Figure 1 illustrates the shadow cast
by a plane horizontal edge with a **Sun image”” type of source. Obviously, the width of the blurred region is
{(2h tan /9. Two difficulties resulting from this effect are apparent: (1) energy impinges on region AR, which
would normally be completely shaded. and (2) region BC suffers from a reduced energy flux density. This
could result in o fairly large error in absorbed energy for an object in the blurred region whose width is less
than distance AC. This error would be reduced to zero if the shadow were to fall’ symmetrically on the object
below. However. it may not always be possible to achieve such a configuration. In the Ranger Block 11
series. shading objects were commonly 3 to 1 ft above areas of critical thermal control. Thus. a 6-deg de-

collimation half-angle with a uniform source would result in a blurred region ahout 10 in. wide.

\ / e MAXIMUM CEVIATION GF LIGHT RAYS
/ Rt n @ DISTLNCE FROM SHADOWED SURFACE
, - ey > e TO SHADING OBJECT
?* o 8 = DECOLULIMATION HALF ANGLE
v
V4
| “9
| NIRRT
l
FULL SHADOW BLURRED i FULL SOLAR INTENSITY
SHADOW —’1

I'ig. 1. Shadow formed by plane edge perpendicular to mean light ray in ““Sun image”’ solar simulator

Another type of shadow, that cast by a flat plate parallel to the mean light ray. is shown in Iig. 2a.
The width of the blurred region in this case will be k) tan . fiytan & or thy - BV tan . Region DE of
the blurred area will be deficient in energy when compared to the case above. Some of the energy that would
have impinged on DE will steike GH and be partially reflected to region EI of the blurred area. Depending on
the surface treatment of GH, it may be possible to solve for the flux density distribution through the region
EF. This would at least enable a ballpark calculation for an object in this region. A calculation was carried
out on the effect of this type of shadow blurring on the Ranger Block IIf equipment mounting plates. The
configuration used is shown in Fig. 2b. It was found that, neglecting energy reflected from surface GH. the
solar input 1o the plate was approximately 12% less than in space with a solar simulator decollimation half-
angle of 5.3 deg. For the purpose of the analvsis in this memorandum, it may be assumed that the error due to

shadow blurring will be of the order of 157 of the direct solar absorption for structural elements or scientific

packages.

N
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SHADOW ™

F

Fig. 2. Shadow formed by plane surface parallel to mean light ray in **Sun image™ solar simulator
C. Absorption of Indirect Solar Energy, q; |

Indirectls incident solar energy mav be defined as that solar energy striking a spacecraft surface
which has previously undergone one or more reflections from other spacecraft surfaces. The nature of this

reflected energy i complivated by two effects. The first effect is the change in spectral energy distribution

of the incident energy upon reflection from a surface. Owing to the spectral reflectance characteristios of
surfuces, this enerey distribution will change on cach reflection, affecting the energy ubsorbed on cach
reflection. The scrond effect is that of the increase in decollimation of the incident energy upon cach
reflection from a surface, the amount of increase depending on the characteristies of the surface. This is due
to the fact that real surfuces are neither 1005 specular nor 1007% diffuse but, in fact, are somewhere between

these limits.

The only analvtical technique available to treat this phenomenon for spacecraft surfaces is the ray
tracing technique. However, because of the complexity of reflected radiation. ray tracing is impractical even
for the simple case of perfect light collimation. Obviously, the more complex cases where the incident energy
is not perfectly collimated are definitelyv less likely to vield to ray tracing techniques. Therefore, the error
due to absorption of indirect solur energy must be considered as the entire heat input from this effect until
better techniques can be developed or sufficient flight data is received. Calculated estimates of this heat
input for clectronic assemblies, a typical science package, and a typical structural element are 1.5, 2.9, and
L3 watts, respectivelv. It should be noted that these figures do not represent a worst case situdation and,

therefore, the heat input could be considerably greater. It is estimated from Ranger 3 flight data that 32% of

12
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the solar energyv absothed by the gamma ray spectrometer was reflected from other spacecraft surfaces,

D. Intercepted Emission from Other Spacecraft Parts, q,

If the spavecraft flight temperature field can be perfectly simulated in a test, then the error connected
with this energy input to u node will he identically sero. However, this temperature ficld will probably not be
peefectly simulated due to the combination of possible (and probable) errors discussed in this menorandum.
The error connected with this term will tend to even out temperature variations in the spacecraft. Analytically,
the vialue of this term can only be grossly estimated since the surfaces involved in this mode of heat tranafer

generallv are pot diffuse surfaces.

E. Spacecraft Interconduction, g

Fxcept for the mechanism of heat transfer, the sources of error and the effect on the temperature ficld
connected with this term are identical to those discussed for ¢, above. The errors associated with those two
terms are the “sccondary effect” of the axial and radial variations in solar simulation energy flux density and
are the reason why the temperature effect of these variations on a spacecraft cannot be eliminated by energy

flux mapping of the spacecraft surfaces.

F. Energy Absorbed by Surfaces Parallel to the Sun-Probe Line, 9

Decollimation of the solar simulation source will result in an energy flux through planes parallel to
the mean light ray (sidelighting?. This energy flux is highly undesirable since these planes are primarily
emitting surfaces on a Sun-oriented spacecraft. Table 5 lists the vertical surfuce areas typical of three
Ranger objects and the heut input associated with these surfaces for three decollimation half-angles. These
values were calculated from a set of curves by H. N, Riise (Ref. 2).

Table 5. Sidelighting energy absorbed by surfaces parallel

to Sun — probe line for three values of solar simulotor

decollimation half-angle

Object Are;, Heat Input, w
b 2 deg 4 deg 6 deg
Electronic assembly 2 0.44 0.9} 1.35
Science box 1.5 0.35 0.67 1.00
Leg 1.4 0.32 0.62 0.94

13
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G. Energy Reflected by the Spacecraft Back to the Solar Simulater and Rereflected to the Spacecraft, 9y

In space, solar energy reflected from surfaces approximately perpendicular to the Sun’s ravs will not
normally impinge again on spacecraft surfaces. However, in some types of solar simulation systems, this
reflected energy may be returned to the spacecraft by certain elements of the solar simulator. The large para-
bolic mirror of a cassegrain system would return this energy. A ray tracing analvsis was performed on an IBM
7000 computer to determine the amount of this energy which returns to the spacecraft for the on-axis casse-
grain system in the 25-ft Space Simulator. The *‘spacecraft’” was taken to be a polished flat circular disc.
The results of this program are presented in Table 6 for three levels — corresponding to the top, middle. and
bottom of the working volume as defined by the original contract specification. As can be seen. a considerable
amount of this energy would be returned to the spacecraft. A simple calculation shows that the average energy
flux due to the first reflection pair on a 3-ft-radius polished aluminum disc 18 ft from the floor of the test
chamber would be 533% of the originally incident energy! In general, these secondary rays return to the
spacecraft at considerably greater incidence angles than the primary flux, thus causing errors due to muhtiple
reflection absorption. The geometry of the system precludes their use as a bolstering factor for the main

energy stream.

Table 6. Percent of reflected solar energy returned to spacecraft*
by solar simulator optics in the original cassegrain
design of the JPL 25.-ft Space Simulator

Spacecraft Distance Radial Position of Reflecting Eiement, ft
diameter, from
ft floor, ft 0 i 2 3 4 5 6
6 10 80.6 57.1 29.9 8.3
14 81.5 75.7 70.4 2%.2
18 73.6 67.8 67.8 56.7
8 10 81.0 80.1 47.4 16.8 16.7
14 82.5 76.6 711 38.5 27.9
18 78.5 72.4 68.9 74.2 67.6
10 10 81.3 80.4 76.7 24.6 30.2 40.1
14 83.7 78.6 7.7 3%.0 770 21.6
18 84.5 76.2 70.0 74.2 78.2 85.6
12 10 81.8 80.5 77.0 40.3 45.4 18.7 4.4
14 85.1 79.9 73.6 39.2 77.1 76.0 12.2
18 91.3 84.8 73.8 74.3 J 78.2 76.3 79.7
b e 3 - s - Lo SN SR S
'Sp0cecrof? assumed to be polished flat circulor disc of diometer shown in first column.
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H. Energy Emitted by the Spacecraft and Returned to the Spacecraft by the Solar Simulator, g4

The presence of the large parabolic mirror in a cassegrain system will be felt by the spacecraft in
the infrared regime as well as that of the solur simulation spectrum. As the nature of the emission from
spacecraft surfuces is probably closer to diffuse than specular, a lower percentage of this energy will strike
the mirror and correspondingly less will be returned to the spacecraft. Ray tracing has shown that approxi-
mately 10 to 15% of the energy emitted by an object at the top of the test volume would be returned. This
effect becomes appreciable when the upper spacecraft surfaces are black. since the reflected solar energy
discussed above is decreased immensely because of the high absorptance of the black surface. These two
effects (g- and ¢) decrease 1o zero for an “off-anis™ cassegrain svstem if the test volume does not intrude
into the cone whose base is defined as the plane of the mimror cdge and whose height is defined as twice the

focal length of the mirror as shown in 'ig. 3.

MIRROR
f = FOCAL LENGTH
OF MIRROR Fig. 3. Loocation of test volume for climination of
g~ and g4 errors
TEST VOLUME '
R Energy Emitted by Various Optical Elements of the Solar Simulation System, 99

The presence of various optical elements within the chamber will be felt by the spacecraft unless
liquid nitrogen shrouds are provided to shield them. Mirrors will have a very small effect on a spacecralt
because of their high reflectance and low cmittance. An uncoated mirror at room temperature will emit 10 times
more energy than a blach shroud at 32071 but only 1 20th the energy of a black shroud at room temperature.

In order for an uncoated mirror to emit the same amount of energy per unit area as a black shroud at ~320°F,

the mirror temperature must be appronimately -~ 161°F,

Transparent optical elements. however, have high emittances and could emit an appreciable amount of
encrgy if not shielded or coated and operated at liguid nitrogen temperatures. Clearly, shielding may not be

possible on systems which beam energy directly on the spacecraft. since shields would block the shorter

15
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solur simulation wavelengths as well as the unwanted infrared. I at all possible, optiral elements in the

chamber should at least be operated at Low temperatures in order to mininize these effects.

16



JPL Technical Memorandum No. 33-175

V.  CONCLUSIONS

Specular multireflection betvoeen the spacecraflt and large mircor of a cassegrain solar simulator i
intolerable from a systems thermal testing standpoint. “Off conter” cassegrain svstems ke the svatem
presentls in use in the JPL 25-ft Space Simulator not only remove the specular malticeflection evror. but also
remove the infrared reflection ervor by eliminating the tmage of the spacecraft i the Large mireor as seen

from the spacecraft,

One svstem not mentioned above is the “bore-sighted™ solar simulator. It may be shown by

relatively ~imple trigononetiic relitions that boresighted svstems of rcasonable size have much bi

resulting from sidelighting €V 4 3 than do “Sun dmage svstems™ . To addition. the avial energy fluy densin
vartation i much Targer and shadow malformation far more complex than 1n a Sun tmage svstem. These

characteristios make boresighted svstems look quite unattractive for thermal sostems testing.

Of the errors assodiated with absorption of solar simulation energv. the error associated with
spectral mismatch appears to be the fargest. Work should definitely be contineed tovard the developmen of
a permanent are or combinations of are < in vanous gases which closely approach the Tohnaon solar spectme
~urves An essental characteristic of any are source is constaney of spectrem over peeiods of extended
aperation or numerous start-ups and <hut-downs. A reliable schieme for monitoring the solar simulator

spectral distnbution daring thermal svstems test< should also be developed.

Improvement of the degree of decollimation of the solar source will reduce the criors assoctated with
absarptinn of dirvet and vefle cred ~olar energyv. shadow blurring. ~ide Hehting, and vartation of uniformity of
mcident solir erergyv. In =ome rare cases, it mayv be pn.\‘.\'ible to circumyent these crrors by desyening the
spaveciaft with solar simulator testing problems in mind. Howevers this gencradhy will not he pos<ible,

Nince analviical techniques cannot be used to determine all of the crrors resulting feon decollimation, it

Seems necessary booappeostinate the solar collimation angle 832 wing as accurately s s possibie,

The information contained in the previous tables and discossion may be summarized in Tables 7.8,

and 0 Poltowing i< 0 sammary of subseripts used in Tables 7080 and 4

17
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re

-~ electrical power dissipation

= direct solar energy absorbed

reflected solar energy absorbed

- conduction input from other spacecraft nodes

- energy absorbed due to sidelighting

- infrared energyv absorbed from other spacecraft nodes

solar energy absorbed after reflection by spacecraft to optics and return

energy emitted by spacecraft, returned to spacecraft by optics, and reabsorbed

energy emitted by optics and absorbed by spucecraft

Table 7. Summation of heat inputs (in watts) based on space conditions

-~ ‘ —
9 9, ‘} 93 94 95 PoX q,
Electronic assembly 17.6 97 | 15 | o6 | 15 | 309
Science package 06 | 132 ] 29 | 0.6 | 0.6 17.9
Structural element (leg) 0.0 2.9 1.5 0.6 1.5 6.5
Table 8. Breakdown of A g,
\ 9, spectral \ 9 decoliimation
Spectral Yertical Axial Shadow T°:1°|' A 9, W
mismatch, % |nonuniformity, %|nonuniformity, % |malformation, % °
Electronic assembly] 8.5 {gold) 5 5 0 18.5 1.8
Science package 8.5 (gold) 5 5 15 33.5 4.4
Structural element 8.5 {gold) 5 5 15 33.5 0.97
Ll _ e
Table 9. Total A g_(in watts) and summation of Equation (6)
Y \g
\ g, Vay P Vag ) Naygg) Ve | Vay 59 T Ag,
Xq
Electronic assembly| 0.0 1.8 1.5 0.0 1.3 | Designed | 4.6 0.14
. out of
Science package 0.0 4.4 2.9 0.0 1.0 chamber 8.3 0.44
Structural element 0.0 0.97 1.5 0.0 [ 1.0 3.4 0.53

18
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A comparison of the values in the last column of Table 9 with the summation of Fq. (3 indicates
that a thermal test with solar simulation under the conditions stated here would provide meaningful data for
major electronic assemblies. The data from smaller clements of the spacecraft such as structural elements
and science pachages would probably be less significant. The use of special paint patterns or nonflight
modifications theaters to make up for Lick of sotar energy or shields to guard against too much solar input)
would aid science packages or structural clements in operating near flight cruise temperatures, However,
careful test data analvsisc using well defined system operating parameters is necessary in order to

meaningfully interpret the test results.
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APPENDIX A
Revision of Tables Reflecting Ranger Block Il Design

The tables in the main budy of this memorandum were based principally on the thermal design
characteristio~ of the Ranger Bloch 1 spacecraft. These tables have been revised (Tables Al —A9) 1o
reflect the thermal design characteristios of the Ranger Block 1T spacecraft. Where applicable. new data

on solar absorptances, cte.. have been included.

The average unknown in emittance for Ranger Block 1 electronic chassis 15 3% Tolerance imposed

on flight cruise temperatures is 2 WF about a nominal 85 F. Recalculated analyvtical valye of 303 g, hI

gy, 50

A 9, [ 10
- -7 0.03 + 1 <’ >' = 0.26 (AD)
b q, Ky 5

Table Al. Absolute emittance and relative uncertainty

of typical spacecraft surfaces

- Material | Absolute emittance Relative uncertainty, %
Black paint 0.90 +0.02 2
White paint (PV 100) 0.85 -0.02 2
White paint (JW 40) 0.78 - 0.02 3
Aluminum paint 0.30 :0.03 10
Polished aluminum 0.045 - 0.005 n
{commercial polish) '
Gold plate 0.035 - 0.005 14 o

Table A2. Average power dissipations for three

spacecraft elements, q,

7 Object | Power dissipation, w |
| Mojor electronic assembly | 14.2 10 31.6
‘ Science package 0.1t0 1.0
bfructure B 0 i
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Table A3. Solar energy absorbed by three spacecraft

elements, q,

Object Energy absorbed, w

Major electronic assembly 27.7
(Average of 5 Ranger Block il chassis)

Science assembly 5.0 to 20

Structure (Runger leg) V 2.3

Table A4. Deviation of absorptance in mercury-xenon spectrum from

solar absorptance

See Table Bl (Appendix B)

Table AS. Sidelighting energy absorbed by surfaces porallel
to Sun-probe line for three values of solar simulator

decollimation half-angle, watts

Object Afrezo, 2 deg 4 deg 6 deg

t
Electronic assembly 2.0 0.62 1.25 1.88
Science box 1.5 0.36 0.72 1.08
Leg 1.4 0.27 0.54 0.81

Vote: The values of energy absorbed in this table differ from those in
Table 5on page 13 owing to the use of absorptance values
obtained in the JPL 25-ft Space Simulator { Table B 1) and the

surface coatings used in the Runger Block [l thermal design.

Table A6. Percent of reflected solar energy returned to spacecraft by solar

simulator optics in the original cassegrain design of the

JPL 25-ft Space Simwlator

Same as Table 6, page 11 ]
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e

Table A7. Summation of heat inputs (in watts) based on

space conditions

9 92 93 94 9s =4,
Electronic assembly 27.0 27.7 2.0 1.0 20 60.0
Science package 0.6 13.2 2.9 0.6 0.6 17.9
Structure 0.0 2.9 1.5 0.6 1.5 6.5
Table A8. Breakdown of A\ g,
o Fzspeerar] M deceiiimanion R
Spectral Vertical Axial Shadow Total, | \ 9,
mismatch, % | nonuniformity, % | nonuniformity, % | malformation, ol % watts
Efectronic assembly 0 5 0 T 10 2.8
{black) i
Science package 19 5 15 i 44 5.8
{gold) "
Structure 16 ) 15 E 41 1.2
(aluminum) l
— RSN SRR — A S I
Table A9. Total \ q (in watts) and summation of Equation (6)
I , : rl : ;v_n__
Yap | Nay | Vg | Naye s dag | Nay 54 0 Vg, _
S q,
Electronic assembly 0 2.8 2.0 0 0.6 Designed 5.4 0.09
e ~ 6 ;
Science package 0 5.8 2.9 0 0.4 chamber i 9.1 0.51
Structure 0 1.2 1.5 0 0.3 3.0 0.46
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APPENDIX B
Some Comments on Recent Thermal Tests in the JPL 25-ft Space Simulator

Since the ortginal work vwas done on thix report, four thermal tests have been carried out in the JP1.
25-ft Space Simulator by the Ranger thermal groups of JPL and RCA. The objects tested were a thermal mode |
of the RCA television subsystem, a complete thermal model of the Runger Block I spacecraflt (tested twice),
and the Rarger Block T proof test model. Some of the effects discussed in the preceding pages were en-

countered during these tests and are discussed below,

Decollimation of the solar simulation source resulted in probably the most significant problem en-
countered during this series of tests. Two preliminary investigations into the effect of decollimation on the
ROA ~ubsvstem were performed before the RCA Temperature Control Model (T was suspended in the
simulator. A <pecial Targe-aperture camera was used to photograph the ~olar simulator light source to obtain
an estimate of the degree of decollimation of the source. In addition. a test fixture simulating the {in
canfiguration of the TCM was examined under the solar simulation light beam. With the data obtained from
these investigations, together with incident energy flux mapping data obtained from the TCM in the light
heam. it was hoped to determine the amount of cneray reflected from the contcal skin of the RC A TCM onto the
annular fins. When the TCVW was illuninated by the solar simulator, npprn\im‘d(e]'\' W0 of the polished
aluminun <kin was }).;ll'iid”_\ ilfuminated by the solar source. In space, the fins would completely shade the
skin. The thermal vavuum test of the RCA TCM resulted in an average equilibrium temperature approximately
W E higher than that predicted for flight (6371, Fven with the data (:‘bminvd from the two preliminary invest-
izations und the energy flux mapping of the ROA TCM itself, 16% of the energy absorbed by the subsvstem in

the thermal vacunm test could not be accounted for,
\fter analysis of the RCA TCM test results, the following recommendations were made:

1o Eliminate direetls incident decollimated Light from striking the ~Kin of the TCM.

2. Improve the instrumentation used for determination of energy flux density.

These recommendations were implemented for the first test of the complete Ranger Block T TCM (JPL hus
with RCA subsvstem attached). Fin extensions were added to the RC A subsvstem solar absorbing fins,
increasing the effective width of these fins. These extensions were attached so as not to add to the energy

absorbed by the fins themselves and were trimmed to a width which would shade the polished aluminum skin

23
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of the subsystem from directly incident cnergv. A thermopile was used in this test to monitor solar simulation
flux density, replacing the solar cell used in the first test of the RCA TCM. Although the average equilibrium
temperature of the RCA subsystem under solar simulation in this test was considerably lower than the
predicted flight temperature, 100% of the encrgy input to the subsvstem could be accounted for. This was a
significant improvement over the results of the first RCA TCM test. The lower-than-flight temperature in

this test resulted from partial blockage of diro;—:t]y; incident solar energy on the TCM {ins and, in some

locations. partial shadowing of the fin by the ring on the fin abdve.

When the solar simulator lights were initially turned on for the complete TCM, the white surfaces on
the fronts of the electronic chassis were illuminated due to decollimation of the solar simulation source.
Based on the difficulties encountered with the RCA TCM in the first test, shading strips or “evebrows’
were added to the tops of the cases to eliminate illumination of the vertical case surfaces. The energy flux

on the {ront~ of the cases was reduced considerably by these “evebrows.”

Values of absorptance in the mercury-venon spectrum of the 23-ft Space Simulator were experimentallv
evaluated throngh the use of 4 “button bor™ developed at JPL. (Ref. 3). The mercury-xenon absorptances
were used in evaluating the test data obtained in the TCVM tests and P'TV test. The absorptance values
obtained, together with their respective solar absorptances tealeulated feom the Johnson curve), are listed in

Table B, The mercury-xenon absorptances are thought to be accurate to + 104,

Table B1. Comparison of measured Hg-Xe absorptonces in JPL
25-ft Space Simulotor with calculated solar absorptances for

several spacecraft surface treatments

Surfoce Solar | Hg-Xe | Percent

L L T a Error
Polished gold 0.22 0.263 < 19.5
Polished aluminum 0.185 0.214 + 157
Cat-a-lac black paint 0.96 0.962 . 0.2
JW-40 white paint 0.225 0.387 + 720
RCA No. 1 (white with 0.7% black) 0.37 0.43 + 16.2
RCA No. 2 (white with 3.2% black) 0.55 0.58 . 55
RCA No. 3 (white with 12.9% black) 0.76 0.82 + 79
RCA No. 4 (PV-100 white) 0.22 0.31 + 41.0
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Fnergy flux mapping of the spacvecraft surfaces was performed before cach thermal test. The purpose

of the mapping was to furnish data vn directly incident and reflected <olar energy {or the vartous spacecrah

surfaces. As stated previously, this mapping did not eliminate the errors due to a warped spacecruft
temperature field. However, it did facilitate the calculation of <olar energy absorhed on varions portions of
the spacecraft in the analvsis of test data. Unfortunately. the accuracy of these calculations is Fimited by

- o . ) )
the accuracy of the mapping data, which is estimated o be =5 watts ft=.

More detailed descriptions of these tests may be found in Refs. + = 7.
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PREFACE

The oiginal work o this report was dow by TR
Watter before e tete JPL in Devcember 196520 N that time,
the Ranger Biock 1 progean was essentially compdeted
The temperature contol desien of the Ranger Blook HI
spacecraft bad ot been completeds For this reason, most
of e numerieal values for power dissipation, surfaee
propetties, oo, ased for cadoulations in the orginal draty
of the report, retleotnd the theminl desion of the Ranger
Bloci 1 spacecratts When work was resimed on the report,
pEowas decrded oo Tevve the eemeorieal calenianion s as thev

were and to suppiement them with an appendin eflecting

~the-Ranger Block 1} themal beeion. The rovised calen

Fations are covtained v Appendiy \L

Since the completion of the Ranger Block Hpro-
gram, four themal tests with solae =tmulation have Leen
performed 1 the JPL 25-ft Space Simulator by the Ranger
temperature control wronp, Ino \ppeadin BLosome comments
arc e eelative o problems encountered Tn o perfonning

these tests and anaby zing the resulrs,
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ABSTRACT \o\[f’)l&

Vst fas been made to determine the offect of
vartons <olar simulator operating characieristic < o <pace-

H

cratt thermal tests. Churacterisiio s considerod arer o) the

effeors of decollimution. (20 spectral mismatch, and (D

axtal and radial variatnons of coerey flax densieo s Inaddi-

ton. the offecr of solar <mulator optics o the < lambor

has becn considered for eoain special cases,

I. INTRODUCTION

\t the present time, spacecraft thermal conteol design is based primariby on ‘nml}si\. 1’!‘.1«’!‘.('@1“}
limits the number of preces into which the spacecraft can be separated for anaby sis and the degree of detasd
with which these individual pieces of the spacecraft may be andy zed. The capability of handling more of
this analyvsis by vomputer techuiques is being developed. However. the uncertainmies tn solar absorptance.
emittance, joint conductance. and internal power dissipation. coupled with the difficuity of calculating
vombined specular and diffuse heat transfer, Timit the solutions to the prediction of a relativels wide <span {ar
steady -state flight temperatures and transicnt temperatures. A valid experimentad verification of the analvti-
cally deternaned thermal design s highly desirable and could result o a reduction in the required operating

temperature range for many of the spacecraft electronic components. thus increasing spacecraft reliabitic

For Any constant temperature portion of a \[M{L‘(‘Ll'(lfl tnode! mdi(lling Lo space at s(mnd} Sstate, the

temperature of the vode will be defined by the ~tatement of cuergy conservation

g, =h EcT! )
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where

< ?‘n = net heat mput to the node

b
!

= the externat r\uli.mng area of the node

oY)
1]

the average entttance of the node

-~
u

absvlute temperature of the node

O = the SMephan-Boltzmann Constant

Pavreg the Dot and then che differental of Fagoob wives

:_.r_—af s i)

Vosiong thet the onternad dreet 1= haown e can be erevasured! stk neghioible error 00 M by 12
el ot
Az -
in Ae AT ,
RSN 4 ‘—f 4 P 5
— T
b3 In c
Fov s vvany e assumy ton that the cerors in the ndividual terms making up Fog. 030 should be added in a

~eabn coanne roather than ~tati=<tcalby vields

]}‘l~ fopme ”v(‘ ~{ittenent 'lf clic gy Cobiservatlon \\i“ fnr- U.\c‘fll! for :in' l’]\l H_\\iwﬂ 1o fu”w\*..
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The infornation of primary interest in analvsis and thermal testing of a spacecraft is the temperature
distribution anong the various spacecraft nodes. Equation (B mav be rearranied to show the dependence of

temperature deviation from nominal flight temperature on vaniation of emittunce and net heat input to a node.

At

AT 11%84 A
-

l
4 %n €

-
-

-~

It can be seen that a decrease in emittance has the same effect on temperature as an increase in net heat

input. Thu<. the worst temperature deviation will occur when X N 5 Y ¢ and V- - are of opposite sign.
f f, " Pl H

In appraising the value of solar <imulator testing in relation to analysis. iLis more conyenteat to
exanine the variations of heat input to o node rather than variations in temperature. \n estimate of the crror
in the caleulated heat input to 4 node may be obtained by evaluation of the terms on the right side of Fa. o4

I This error mav be compared with the estimated error in heat input during solar simulator testing.
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I1. HEAT INPUT ERROR IN ANALYSIS

Pive demtn cperating tenportare formost spaceoralt ebortronie s i 55 Fowth an albowable
L care e o0 T T thermal destan caloutatione, b it s made i the i dein
Lt Lare e ot ' Sl theraal desver calvuiabionso an attenpt was niade rn the past to desian to g

Soppeeratare s ool ase s possibie to the destgn operating temperatiure or to the mean of the upper and Towe

) . , , .
teererotare beooe T e nodes A previoasty mentioned s these cdialatons result vn o reliively wide

S S ST RS DT IS ”1:5»! termperatuare s tid e uy e transae ot Leinper ttures. { nder worst case conditn s,

Nt tme nede coabd be s large as 5 F about onemanal S50 F dusmg steadyostate Coraiee) operation.

Pobie D Biais the e e s of o suta e teeatments ased on the Aasoer spacecradt. The aos ertaintios

Sor st et e sadarog poesen of the nstrnrents meed S casare the conttan o= of the surfoaere s,

Table 1. Absolute emittence and relative uncertainty

of typical spacecraft surfaces

o

! Material Absolute emittance Relotive uncertainty, %

. . PR ORI P . ——. [

O
()
[}
[}

Biack oo OG0
1aox pamnt [CAY

R White pqinf PV 100 |

(=
D
[
-
o
fan
[
~N

Nyt parnt w40 ' .78

[an)
(e}
N
[

Atunninum paint ‘ C.30 - 0.03 ) 10

Polished stominum 0.045 - 2.005 ' I

i
| Ccomrmercial pafish !
: € |

!

I

1

Priv s d nvcrane cmttane e of the Baecos Biock Hospocoraft clectrome aasemblion fell hetween

el Pese coattape e s were adbiesed beomosares of white paint applicd o gold plate e commerciadb

e nres e e sanee ob ettt e e snkao e woatd be TEn b respective ol witho o

vt o s s eoand temnerature ssoerated with anad ool desion wore e uesed i the

oo an b vV wath e siwn el ouships discinssed ) obtaie a
- 13
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ZAg
_“’?f::".o-o6f+ +-4—3~ = +0.26 o

Sﬂn 545

Fhus. 1f «olar studator testing 1= Lo provide o significant inprovenmeat over analvais, the total heat input to
the gecde i qnestion must be within - 2000 o its fhght values The possible sources of corors in beat mpu

Jurinyg ar ~1enlat ssting will be discussed below,
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lIl.  SOURCES OF HEAT INPUT

la space. the sources of heat input to a spacecraft node are the following:

.o Flectrical power dissipation.

20 Absorption of directly incident solar energy.

3. Absorption of indirecthy incident {reflected) solar energy.
Lo lotercepted infrared emission from other spacecraft parts,

5. Net conduction from other spacecraft parts.

During a vacanm thermal test with <olar simulation. cach of these five inputs will be simulated with some
coror. Io addition to these inputs. some additional “un-space-like™ inputs will vecur during testiug. These

ma-spetce-like inputs can he broken into the following classes:

). Fonergy absorbed on surfaces parallel to the Sun —probe line due to decollimation of the

sobar simutator.

Foerey veflected by the spacecraft back to the solar simulator and rereflected again to

the spacecraft.

Ao Faergy enntted by the spacecraft and returned to the spacecraft in a manner similar to
that of the preceding input.

90 Foergy emitted by the various optical elements of the solar simulation system.

V0. Faergy reflected and emitted by the cold (<3207 F) black wall shroud.

The errors as<octated with the above inputs to a subassembly mav be compensating. accunulative, or
negligible depending strongls on the <pucecraft configuration and on the geometry of the subassemblv. \
sommation of the differcnces between the values of terms 1 =5 in a solar stmulator test and their respective
connterparts in space and of the values of term= 6 =9 will give a conservative value of 2N g o Input 10 will
not be included 1o the summation since it s mainly o function of chamber geometry fwhich 15 not considered in
this memuorandum? and 1~ relatively insensative to the quality of solur stmulation. The preceding summation

may be divided by a summation of space inputs =3t arrive at a value of 2 N ¢ Xy L Thus,

'

X \y A N N S Y XS

Y

Ny o Vg0 Ny o Ny

'
i

24, Ty de oy Ty s

This sumniation may be compared with the value determined above in Fa. (500
I i
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IV.  TERM-BY-TERM DISCUSSION OF HEAT INPUTS

A. Electrical Power Dissipation, 94

Sources of differences between electrical power dissipation in space and 1n a test chamber are uon-
flighl hardware. ground-type power svstems. and power through instrumentation cabling during these tests. \
continuing effort to minimize these sources of error seems to have reduced them o a negligible magnitnde. As
for measurement of 9 itself. we are not so well off. Measuring techniques and statistical variations of sub-
compponents pl'cc]udlt an exact measurement of q,- At this time most power ineasurements are l]x'bught to be

accurate to *5% A tpical set of power dissipations for the Ranger Block 1l spacecralts is given in Fable 2.

Table 2. Average power dissipation for three spacecraft elements, q,

A - S .
Object Power dissipation, w
Major electronic assembly 4.4 10 26.4
Scientific package 0.03t0 0.88
9 Structure 0
B. Direct Solar Absorption, g,

In space. 130 watts of solar energy per square foot of normal area is nominally incident at the Farth's
mean distance {rom the Sun. The fraction of this energy ©:) absorbed by a surface in space depends strongly
on the surface properties and configuration with respect w the Sun. Table 3 shows the solar energy typicalls
absorbed tg5) by various Runger objects during flight. During thermal vacuum tests with solar simulation.
errors in ““solar’ energy absorbed will arise because of imperfect spectral match and imperfect collimation
{decollimation! of the solar simulator. For purposes of analvsis. it becomes convenient to separate these
errors so that A 7 \ \ s \ discussion of each of these errors will follow.

12 s,po’-(‘tral deeoltlimation’

The term \ o, b tral may he interpreted as the difference between the energy absorbed per unit
D) et a - 2,

normal areq in space and that absorbed ina space simulator. The energy absorbed by a surface in space per

unit normal area is given by the integral
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Table 3. Solar energy absorbed by three

spacecraft elements, 4,

.
[ Object Solor energy absorbed, w !
li } B i
I Mcjor electronic assembly 9.7
i .
; faverage for 6 chassis,
E Ranger Block 1h !
;
i Science assembly (Ranger 8.8 to 20.5 i
{
Block 1 !
i
!
I Structure {Rancer leg) 2.9
i
e ek e e et e+ e
\Nh?'l-(‘
o w.n:-!r"nglh
oy absorptance of saterial ot wavelength
£ flux density of solar radiant energy per unit area and unit wavelength at wavelength
' In o solar <imulator the energy absorbed per unit normal area s given by the integral
g TR Y AR N R AR (v i) o £
where
wavelength
s absorptance of niterial at wavelength
/\ (! flux density of solar simulator Hight source radiunt energy per unit area and unit
wavelength at wavelength
N reflectance of nth mirror element in optical svstem at wavelength
e transmittance of nth window or lens in optical system at wavelength -

Notice that in Fg. (70 the energy absorbed is the integral of the product of the spectral absorptance and the
spectral energy distribution of the source or Sun. bquation 18) has the same form as Foyo (00 the bracketed
Juantity being the effective spectral distrtbution of the solar simulation source in the test volume after

' having been modified bv reflections and transmissions in the solar simulator optics. Thus. for a given surface

¢ ) fixed  the energy absorbed in various energy spectrums may vary greathy. depending on the spectrai
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Charactenstios of the source. The error \ g, s the result of this vartation and 1= given by the

sSpeetnd

Clation

A\ o

L ‘ (b
2ospeciral 4z (N

This vrror may be cadenlated i Al terms in Fgu (7)) and (3) are hnown,

Somie JiH{ficubty sy be encountered in evaluating the integrals in Bg 07 and 8Bt any degiee of
aveuracy dJue to ineompleteness of data on the parameters involved. Although dati on =4V is avaeiluble Tor
<ome materials, work s continuatly underway to improve the measurements and extend them to other
material=. <tnee o0 0 s the hackbone of any thermal analvsise The spectral enerey distribution of the Sun,
fooh s nomad iy taken o be tiat given by Johnson (Ref. 1L Data on the specteal eperav distriburion of
most sources considered for use mosolar simulatorso L O s rather difficult to obtin since manufacturers
seemrather cefuc tant o publish this data o the necessary accuraey. Foen wath dataon / G toone s daced
with the difficaley of teving to evaluate variations in /\,\\‘ Jand S ) and O of the optical elements
the svstem with operating time. At the present time. spectral data on these vartations i~ virtually non-

cxistent.

The prablem of ~pectral energy ahsarption errors is furthv‘r‘(‘ﬂmpm}ndb‘d by the diveratv of
characteristios possessed by the various matertals normallv used i temperatare control. Four widely used
surface treatment< are commereially polished gold plating. commercially polished aluminum. white pants,
and black pamt. The first three are far from being grev bodies, having significantlv different <pestral
abizorptances for ultraviolet, visibles and infrared wavelingths, Gold has o high absoiptance o the ultva-
violet and visible regions. while its infrared absorptance is vers Tow. Aluminum has it= highest absorptance
in the ultraviolet and its lowest ab=orptance in the infrared. White paints have higher absorptuances in the

ultraviolet and infrared than in the visible. Obviously, a close approvimation to the solar spectrum is needed

if the absorptance errors of all of these surfaces are to be small.

o demonsteate the effect of spectral errors on various materials, ¢ computer program wes wiitten to
} ~

evaluate the integrals in g 7Y and 18) Some very tough values of '\ ¢~ obtained from the

72 speciral
computer results are given in Table 1. The values presented in Tuble tare errors telative to the respective
solar energy absorbed. Since these errors are a fraction of the solar energy absorbed. they will aifect the

temperature of nodes with low internal power dissipation more severely than those with high internal power

dissipation. Note thatin Table 1Vonrly the 509 Hg-\e-50% Xe avstem has less than a relative 105 error for all
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five spaceceraft surfaces. This svstem seems to have good possibilities. However, the calculations in this
memorandum have been performed with the ussumption of a carbon arc solar source. It should be pointed out
that the values in Table tare approximate and do not take into account variations in fireball size and
position with respect to optical elements in the system. Much work remuains to be done on improvement of

solar <pecteum simulation both from a theoretical and a practical standpoint.

Table 4. Calculated absorptance error relative to solar absorptance, %

] 2 | 3 4 5
Gold (polished) . 850 .39].31 |.a5] 318
Aluminum (polished) - 21| - 8.5|. 7.6 | - 03] 14
ZW-60 white L0 |- 88124 | - 45| 166
Aluminum paint o2 | as| a4 0 - 1.7
Black paint } 0 0 0 0 0

Column 1 — Carbon arc with one aluminum reflection and trans-
mission through 2.4 in. of quartz.

Column 2 — Westinghouse Hg-Xe (bare).

Celumn 3 — Westinghouse Hg-Xe with one aluminum reflection
and transmission through 1.6 in. of quartz.

I Column 4 ~ 50% Westinghouse Hg-Xe, 50% Xe (bare}.

Column 5 — Hannovia Xe (bare).

The error due to decollimation of the solar simulation source (N ¢, g Yis a result of

ccollimation
energy flux densuy variations in the test volume. blurring of shadows, and illumination of surfaces parallel
to the Sun ~probe line (sidelighting). Ideally, the decollimation angle of the solar simulation source should
be that of the Sun (32 min of arc). However. this is obviously impractical at the present time, and the effects

of larger decollination angles will have to be accounted for. The sidelighting effect will be discussed under

({“ 1)¢-ln\\ -

Foerev flun density variations in the test volume are the result of decollimation of the solar source
and misalignment of the simulator optical system. Uniformity of fluy density may be defined as the percem
deviation of flux deasity from nominal over a given area. It is presently felt that a variation of ~3% in the
longitudinal and radial directions of the test volume, measured with a detector area of 4 in.” is an acce ptable

error. These figures, if attainable, should make it possible to neglect the secondary effects of the warped

10
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spacecraft temperature Held discussed below under q, and q-. However, this vartation would probably still

not furnish sufficient uniformity to permit the use of Sun sensors during a spacecraft svatems test.

Two examples of shadow blurring are given in Figs. 1 and 2. Figure 1 illustrates the shadow cast
by a plane horizontal edge with a “Sun image™ type of source. Obviously, the width of the blurred region is
2% tan ). Two difficulties resulting from this effect are apparent: (1) energy tmpinges on region AR, which
would normally be completely shaded. and 12) region BC suffers from a reduced energy flun densitv. This
vould result in o fairly large ecror in absorbed energy for an object in the blurred region whose width ts less
than distance AC. This error would be reduced to zero if the shadow were to fall symmeteically on the object
below. However, it mav not alwavs be possible to achieve such o configuration. In the Runger Block H
<eries. shading ohjects were commonly 3 to 1t above areas of critical thermal control. Thus. o 6-deg de-

coltimation kalf-ungde with a wniform sowurce would result in a blurred reion about 10 in. wide.

\ / e MOOCMURY DEVIATION OF L5HT RAYS
ot~ s T
‘\'/ pos D ITLNCE FROM SHILOWEL SORFACE
) T e Ty - TG OSHADING JBJECT
| \ - B & DECTLLIMATION HALF ANGLE
/ . \\l

»

‘ ieQ)\

| i \

1

! I &
B L e

FuLL SHADDW i BLURRED FULL SCLAR INTENSIT »
"~ suanow
Fig. 1. Shadow formed by plane edge perpendicular to mean tight ray in **Sun image™” solar simulator
Anather type of shadow. that cast by a flat plate parallel to the mean Tight ray. is shown in Fig. 24
The width of the blurred region in this case will be b tan o - A, tan 7 orth, - k0 tan - . Region DE of
1 2 1 2 ;

the blurred area will be deficient in encrgy when compared to the case above. Same of the energy that would
have impinged on D owill strike Gifand be partiatly reflected to region EI of the blurred area. Depending on
the surface treatment of GH, it mav be possible to solve for the flux density distribution through the region
FE. This would at least enable a ballpark calculation for an object in this region. A caleulation was carried
out on the offect of this tvpe of shadow blurnng on the Ranger Block IH equipment mounting plates. The
configuration used i~ shown in Fig. 2b. It was found that neglecting energy reflected from surface GHL the
solar input 1o the plate svas approsimatehy 129 fexs than i space with o sobar simulator decollimation half-
angle of 5.3 deg. Por the purpose of the analvsis in this memorandum, it may be assumed that the error due to
shadow blurring will be of the order of 157 of the direct solar absorption for structural elements or scientific

packages.

1
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A A e e A RO Rl SRS S EanE R/ Ptarir g id \&\
Fui L SHADOW L CRBLURRED "‘FULL SOLAR INTENSITY -
SHADOW .
Fieo 20 ~stados formed by plane <urface parallel to mean Light rav in ""Sun image wolar <amulator
C. Absorption of Indirect Solar Energy, g,

Fadire: thy ineadent solar enerey nn be defined as thar solar eneray striking u ~paceciaft surface

witich has previoush undereone one or more veflectinns from other spacecraft surfaces. The nature of this

reflected encegy o~ comphoated by two effects The first ¢ffect is the change o spectral energy distribution

of the incident energy upon_reficction from g surface. Owing to the spectral refleciance characteristios of

~urfaces, this enerey distribution will change on cach reflection, affecting the energy absorbed vnvach

seflection. The wocond cffect is that of the incrcase in decollimation of the incident energy upon cach

retlection from o surface, the amount of tncrcase depending on the characteristios of the surface. This is due

to the Tact dhat road curfaces are neither 1000 specular noe 1000 diffuse but, m fact are somewhere hetween

these Timirs.

Fhe onty analvtical technique available to trea this phenomenon for spacecraft surfaces is the ray

tracing tc't-hniquv. However, because of the complenity of reflected radiation. rav traving is impractic al vven

for the simple case of perfect Hoht collimation. Obvieusly. the more comples cases where the incident energy

is not perfecthy Cathimated are definttely less Hikelv to )il‘l(] to rav tracing ted hniquv.\. Therefore, the error

due to absorption of indiret <olar energy must be considered as the entire heat input from this effect until

better techniques can be developed or sufficient flight data 1s received. Caleulated estimates of this heat

input fou e Yectronie assemblios, o tv pi(.il SCIenCe p kage, und a lypi«-ul structural element are 1.5, 2.9, and

1.5 watts, respectiveb . It should be noted that these figures do not represent 4 worst case situation and,

therefore, the heat input could be Considerably greater. It is estimated from Ranger 3 flight data that 324 of

12
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‘

thin ~olar cneruy absorhed by the gamnid rav spectrometer was reflected from other spacecrafr surfaces,
) \ vosi }

D. Intercepted Emission from Other Spacecraft Parts, g,

If the spacecratt flight temperature field can be perfectly simalated ina test, then the errar conney ted
with this rnergy imput o anode will be tdentically 2000 However, this temperature fichi will probably mot be
peefectlv simulated due to the combination of possible fand probable) crrors diccussed in this menorandun.
The crror connected vath this term will tead to even out remperature variattons in the spacecrafts Anadvtooalb,

'

the value of this term can only be grosslv estimated since the surfaces involved in this mode of heat transfer

generally are not diffuse surfaces,

E. Spacecraft Interconduction, g

Fovcept for the mechanism of heat transfers the sources of crror and the effeor o the e miperature field
coanected with this term are vdentical to those discussed for g g aboves The errors associated with those tuo
terms are the “sccondary cffect’ of the avial and radial variations in solar <imalation eneray fluy densty and
are the reason why the tenperature ffect of these vartations ona spacecralt cannot be eliminated by «nergn

flux mapping of the spacerraft surfaces,

F. Energy Absorbed by Surfaces Parallel to the Sun-Probe Line, 9

Decollination of the solar sinulation <ource wiltl resalt in an encray flus throueh planes parailel to
the mean Light rav tsidelighting). Fhis energy fluv is highly undesirable since these planes are primanh
emitting surfaces on a Sun-oriented spacecraft. Table 5 lists the vertical surface arcas tvpical of three
Ranger objects und the heat input associated with these surfaces for three decothmation haif-angle~. These

values were calculated from a set of curves by Ho N Ritse (Ref. 2).

Table 5. Sidelighting energy absorbed by surfaces parallel
to Sun — probe line for three values of solar simulator

decollimation half-angle

Object Are;, - Heat Input, jﬁ
L b 2deg | 4deg | 6 deg
" Electronic assembly 2 0.44 0.91 1.35
Science box 1.5 0.35 0.67 1.00
Leg 1.4 0.32 0.62 0.94

13
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G. Energy Reflected by the Spacecraft Back to the Solar Simulator and Rereflected to the Spacecraft, 95

In space, solar energy reflected from surfaces approximately perpendicular to the Sun’s ravs will not
normally impinge again on spacecraft surfaces. However, in some tvpes of solar simulation svstems, this
reflected energy may be returned to the spacecraft by certain elements of the solar simulator. The large para-
bolic mirror of a cassegrain system would return this energv. A ray tracing analvsis was performed on an TRV
7008 computer to determine the amount of this energy which returns to the spacecralt for the on-axis casse-
grain system in the 25-ft Space Simulator. The “spacecraft’” was taken to be a polished flat circular dise.
The results of this program are presented in Table 6 for three levels — corresponding to the top. middie. and
hotton of the working volume as defined by the original contract specification. As can be seen. a considerable
amount of this energy would be returned to the spacecraft. A simple calculation shows that the average energy
flux due to the first veflection pair on a 3-ft-radius polished aluminum dise 18 ft from the floor of the test
chamber would be 33% of the originally incident energy! In general, these secondary ravs return to the
spacecraft at considerably greater incidence angles than the primary flux, thus causing errors due to multiple
reflection absorption. The geometry of the sy stem precludes their use as a bolstering factor for the main

CRergy strean.

Table 6. Percent of reflected solar energy returned to spacecraft”

by solar simulator optics in the original cassegrain

design of the JPL 25-ft Space Simulator

Spacecraft ! Distance Radial Position of Reflecting Element, ft
diameter, ! from pr— e — T T
ft L Hoor, &t 0 1 2 3 I 4 I 5 6
6 | 0 806 | 5.1 | 299 8.3 |
{ 14 81.5 75.7 70.4 29.2 !
5 18 73.6 67.8 67.8 56.7 1 |
! ! |
8 g 10 81.0 80.1 47.4 16.8 16.7 | |
! 14 82.5 76.6 71.1 38.5 27.9
‘ 18 78.5 72.4 68.9 74.2 67.6 |
0 10 8.3 | 80.4 | 767 | 246 | 302 | 400
, 14 83.7 78.6 7.7 39.0 770 216
ﬁ 18 84.5 | 762 | 70.0 | 742 | 782 | 856
12 . 10 81.8 80.5 77.0 40.3 45.4 18.7 4.4
| 14 85.1 79.9 73.6 39.2 7.0 760 12.2 |
: 18 91.3 84.8 73.8 74.3 78.2 | 76.3 79.7
L i B - J R S 1 SR SO GRS
'Spacecroh assumed to be polished flat circular disc of diameter shown in first column.
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H. Energy Emitted by the Spacecraft and Returned to the Spacecraft by the Solar Simulator, g4

The presence of the large parabolic mirror in a cassegrain system will be felt by the spacecraft in
the infrared regime as well as that of the solar simulation spectrum. A< the nature of the emission from
spavecraft surfuces is probably closer to diffuse than specular, a lower percentage of this energy will strike
the mirror and «orespondingly less will be returned to the spacecraft. Rayv tracing has shown that approxi-
mately 10 to 15% of the energy emitted by an object at the top of the test volume would he returned. This
effect becomes appreciable when the upper spacecraft surfaces are black. since the reflected solar energy
discussed above is decreased immensely because of the high absorptance of the black surface. These two
effects tg- and gg) decrease to zevo for an Coff-anis” cassegrain svstem if the test volume does not intrude
into the cone whose base is defined as the plane of the mimor edge and whose height is defined as twice the

focal length of the mirror as shown in Fig. 3.

_— MIRROR
—

' 7 = FOCAL LENGTH
Of MIRROR

Ilig. 3. Locatinn of test volume for elimination of

g~ and gy erroes

TEST VOLUME

I Energy Emitted by Various Optical Elements of the Solar Simulation System, g4

The presence of various optical elements within the chamber will be felt by the spacecraft unless
lquid nitrogen shroud < are provided to shield them. Mirrors will have a very small effect on a spacecraft
because of their high rellectance and fow emittance. An uncoated mirror at room temperature will emit 10 time s
mare energy than o blaek shroud at - 320 F but onlv 1 20th the energy of a black shroud at room temperature.
In order for an uncoated mirror t enit the same amouat of energy per unit area as a black shroud at 32071,

the mirror temperature must be approvimately  Tov b,

Trunsparent optical elements. however, have high emittunces and could emit an appreciable amount of
. encrgy af not shiclded or coated and aperated at liguid nitrogen temperatures. Clearly, shielding may not he

possible on sv<tems which beam energy divectly on the spacecraft. since shields would block the shorter

15
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wolar <ivmalation voaveleneths as well as the unwanted infrared. 1 a0 all prm\iHv. optical clenents in the

chamber biould at feast be operated at Tow temperures in order th minimitze these effects.

16




JPL Technical Memorandum No. 33-175

V.  CONCLUSIONS

Specubar multicefle ciian betv cen the spacecraft and barge mireor of 4 cassecram solar stnuiator =
mtolerabbe from g svstenis thermal testing standpoint, “Off conter™ L assogradn sv<toms Hkhe the svsten

prescotlo i s n

the P12

ftSpoee Simutator not only remove the specular multeefleotion crrors bat also

, .
he eage of the ~pacovart o the Luce nnreor as —een

reipove the nfroved eeflection creor by eliinatinge

Trom hie spascoralt,

Onc ~vstem aot mentioned above is the “hore-sighied™ <ol <emulator. 1t o be <hoan |

[0

relotive v somple trigonone tine relitons that borestghted svstenms of reasonable stze hove mach higher oo

re~ulting frons wvgelichtine oY 0 thae do Sun inage svstems"" Lo additon s the avial cacrny fluy fonn
. 1, \

vitarion oo R barcer and <hadosw malfaemiation Tar more comples than woo San v e sv=tom, he e

Characteri~tic s paake Sodesionted svstems fook quite unatteactive for therma!l <ostero tostin o

Of the errore associated with absorption of solar Simubatton energv . the error comeon tated wit)

: , T , ‘ : .
Pertrteh appears ty be the dareest. Work Shoatd definirely be contimaed Coaoard b e oo

o At v orcoambinations ol are s s various gases whick dosels apoioach the Tohnsoa walae s
. \a Lo X : : \ ; T
G Docssenttad o haracieristio ob any ary source s constanoy o =poee b VOT e raeds ot en e e
operatien or parnerous start=ups and <hut-downss Vreliable scbome for monitanne the solar simulator
~poctrab diatmbetron drerng theread svstenis test= <houdd at=o b de color
b r N . i
e N T S S e AT LNTY NS FNTTRY § SRTRNY the wolar <vnrce wild reduce the crinr= amancated vt

abeserptron of diccer and ceth ored b cneren o shadow blurrines <bde Tlebtoc and vavtat o ot uafee o

v tdent sl ererev. bao<ne tare casesL 1t mas he }"“\1}:!1‘ to crecumsent these rrors bn dessoning the
. e M Vo T Vo, . .
i vt o soar sty testin

probtems saomind. However o this comeralle wilh o e s bbb

7

. . . .
e~ 0 gD ‘- RS R qie termine .xH i l.“.( CEPOrs pesuding it

. ! IR . : 1 s
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ol admg - swmenary o subeort= useden bablew T
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Electronic assembly!

i 1
. Science package

! Structural element

! electrical power dissipation
2 direct solar energy absarbed
3 reflected solar enerey absorbed
! tnfrared energy absorbed from other spacecraft nodes
5 conduction input from other <pacecralt nodes
6 encrgy absorbed due to sidelighting
T solar encrgy absorbed after reflection by spacecraft to optics and return
8 cnergy emitted by spacecralt, returned to spacecraft by opties, and reabsorbed
9 energy emitted by optics and absorbed by spavecrafy
Table 7. Summation of heat inputs (in watts) based on space conditions
;’ o Tt - - A S '"I - 7';’“—“”4”_‘ »-———~;7~-— T 4:'— R S
| ) N
j {V EA | 92 | 93 E 94 ! 95 -9,
| SN S B , .
i Electronic assembly P 17.60 97 + 1.5 | 06 ¢« 15 | 309 !
: ! ! i ! J i
| ! | i | ‘
t  Science package v 06 | 132 2.9 0.6 + 0.6 : 17.9 |
, ! ! i !
b | Steuctural element tlegl 1 0.0 | 29 L5 | 06 { 1.5 | 65 |
I —e - T 1 P, I e
Table 8. Breakdown of 1\ 9,
e L -
A q?»spectfif \ q2 decollimation
Spectral Vertical Axial Shadow T°;°l’ N gy w
mismatch, % Inonuniformity, %|nonuniformity, % |malformation, % ° L
L T T b }
Electronic assembly| 8.5 /gold) 5 5 0 18.5 1.8
|
Science pacxage 8.5 'gold’ 5 5 15 33.5 4.4
Structural element | 8.5 ‘gold) | 5 5 15 33.5 0.97
L S N AN S -

Table 9. Total \ q_ (in watts) and summation of Equation (6)

1) e " . 1{ l
' { ! f ' 1 | 2 \g,.
Ve Ve Vaz i Vagg s Vag !l Vay g0 i 2N g
i \1 i t ‘ : ' )- q
P Jy»f e e e ‘;——_~—~-J--—————~—f‘—— o e ?
0.0 18 | 1.5 0.0 “ 1.3 i Designed 4.6 ‘: 0.14
: i out of : !
00 | 44 { 2.9 0.0 i MO | chomber 83 | 0.44
0.0 | 097 | 15 00 | 10 | 34 | 053
' . ' i
|
R N 1 i | ‘1
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A conmiparison of the values o the Jase cotumn of Table 9 with the sunmiation of Fogo OV indicates
that a thernat te<t with <olar stmulation under the conditions stated here would peovide weaninzful data fo
mapor clecrronn assembiiea. The data frore smadler clements of the <paecraft <uch s stractural clements

and scicnee packwges would probably be Toss stanificant. The use of <pocial paint patierns or nonflich

—_————— — E——

medifications Hieaters to make up tor Lack of <olfar energy ar shields 1o guard against too much sobar inpan

would aid scivnce packages or structural clement= in operating near fhght cruise tonperature~. However,

careful test data anadvsis using woll Bhined sy atent aperating paramiceters i= nec es=ary in order to
[ A ng i A

meaningfully dnterpret the tear rennlts,
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APPENDIX A
Revision of Tables Reflecting Ranger Block 1l Design

(he tables in the main body of this menorandun w ere bused principadh o the thermal design
charavteristios of the Rarnger Block 1 spacecraft. These tables have heea reviced (Pables AT - A9 1)
reflect the thermal desian characteristios of the Runger Rloch HE spaceceaft. Where applicable. new duta

an solar abisorptances, ete have been included.

Phe average unknown in emittunce for Ranger Block TH elecironic Chassi= s 350 Tolerano imposed

on flight crutse temperatures~ is 10 F about a nominal 85 F.o Recaleulated analvticad value of 30N

ol - o)

1
-
L3

9. 10
D003 . (* <0020 (A
(I” -)t‘)

1

Table Al. Absolute emittance and relative uncertainty

of typical spacecraft surfaces

e
{ Mgaterial i Absolute emittance Relative uncermmty, % |
| Black paint | 0.90 - 0.02 2 |
White paint (PV 100) 0.85 -0.02 i 2
White paint (JW 40) 0.78 - 0.02 3
Alsminum paint 0.30 - 0.03 10
Polished aluminum 0.045 - 0.005 | 11
{commercial polish) |
| Gold plate 10,035 - 0.005 | 14 ]

Table A2. Average power dissipations for three

spacecroff elements, 9,

i CTTT N o I - T v e s '71
:} Ob|ecf ' Power d|55|pnhon w

% ;«\o[or electronic cssembly TI M 210 31.6 !
i ' ;
i Science package g 0.1t0 1.0 |
I | ‘
| Sfructurre ,“,.__.A,,__-{ o ,(Lw,_“,‘u*,ﬁﬁ
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Table A3. Solar energy absorbed by three spacecraft

elements, q,

Object Energy absorbed, w

Major electronic assembly 27.7
(Average of 5 Runger Block I chassis)

Science assembly 5.0 t0 20

Structure (Ranger leg) 2.3

Table A4. Deviation of absorptance in mercury-xenon spectrum from

solar absorptance

See Table Bl t\ppendix I

Table AS. Sidelighting energy absorbed by surfaces parallel
to Sun-probe line for three values of solar simulator

decollimation half-angle, watts

T T - -
Object ‘ A{'“' i 2 deg ] 4 deg } 6 deg
t ; !
S
-Electronic assembly 20 | 0.62 \ 1.25 i 1.88
9 ! ‘
Science box 1.5 0.3 072 | 108
Leg 14 07 l 0.54 | 0.81

Nitr: The values of energy absorbed in this table differ from those in

Table Son page 13 owing 10 the use of absorptance values

obtained in the JPL 25-§t Sgcce Simulator (Table B 1) and the

surface coatings used in the Kunger Block !l thermal design.

Table A6. Percent of reflected solar energy returned to spacecraft by solar

simulator optics in the original cassegrain design of the

JPL 25-ft Space Simwlator

Same as Table 6. page 14

2]
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Table A7. Summation of heat inputs (in watts) based on

space conditions

o ey { e
‘H | 92 4 93 94 i 95 | =4,
o - S ‘ ‘ 'n_|
! Electronic assembly 27.0 ; 277 | 20 I 1.0 20 1 600
Science package 0.6 | 132 29 | 06 ; 06 | 179
| ! ! ; i
| Structure 0.0 |29 1 15 b 06 i 15 65
_ R L ]

Table A8. Breakdown of \ g,

______ - - e ———
’ R P 2specrar| }.q?éw?ﬂ@ﬂ“?r- el l B
Spectral | Vertical Axial l Shadow : Total 1 \ 9,
t mismatch, % | nonuniformity, % | nonunnformny % i molformotlon % | Lo watts
Efectronic assembly Q0 : 5 | 5 0 : TO . 28 |
(black! 1 7 ‘ . '
i Science package 19 5 { 5 E 15 a4 5.8
! {gold) I 1
Structure 16 5 i 5 ; 13 4] 1.2
faluminum) ‘ i | 1

Table A9. Total \ g (in watts) and summation of Equation (6)

i [_‘ T e T s e Rl TOOOUTTTTT T e s i - T N - ' e
b [ | I XA 9,
} Vay | Va, N gg \qa&sf'\qo’!\%,s,? Vg
' i | : ‘ | S q
_ﬁh,_Tf n __,‘ _ »_;P [ :‘Luw,_ [ T LA
Electronic assembly | O | 28 = 2.0 | 0 0.6 ! Designed 5.4 0.09
. tof ;
Science package 0 5.8 i 2.9 o 04 ThC 91 0.5
\ i | : i
Structure 0 1.2 1 15 0 | 0.3 | | 3.0 | 0.6
- ISR AR S N _L_J_V SRR R S
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APPENDIX B
Some Comments on Recent Thermal Tests in the JPL 25-ft Space Simulator

Since the origial work was done on this report, four thermal tests have been carried out in the 1P]
25-Te Sparee Simulator by the Rarger thormal groups of P and RCAD The objects tested were w thermal mode |
of the BOA television subsyster, o complete thamal model of the Runger Blook T spacecralt ftested twiced,
and the Rarngrer Block HE proof test model. Sone of the effects discussed in the prm-wling piges were en-

countered during these tests and are discussed betow,

Decoilimation of the sular simulation source resulted in probably the most significant problem en-
countered during this =erie< ol tests. Iwo prelimiman investigations into the effect of decollimation on the
RON <ob<s <tenm were performed before the RCA Temperature Control Model VTOAD wis suspended in the
stsmlator. U spedial Targe-aperture camera was u=ed to photograph the solar simulator light <ource to obtain
are o~tinate of the degree of devollimation of the <ource. In addigon. a rest fivture simulating the fin
configuration of the TCM was examine d under the <ol stmulation Hizht beam. With the data obtained from

these investigations. toether with incident enern flus mapping data obtained from the TCM 0 the Tight

Preans it was haped to Jetermine the anount of conegy refle cted from the vonpteal Shin of the ROA TOM anta the
annubar fiass When the TOAM was iluninated by the solar <tmualators approninately 31000 ol the polished
Aummurs st was partialh ihisinated byothe <ol source. o space. the fins would completely shade the
shin. Phe thermal vacuum test of the ROV TOM resulted in an average cquibibiiune temperature approxinuatels
ier than that predicred for highe w3 10 Fven with the data ol tined Yrom the tuo prefinimas in et

1eation= and the enerey fluy mapping of the RCA TCM ftself. 1650 of the cnergy absorbed by the sub=vstem in

the thermal vacunn test could ot be aceounted for.
Vier anabvai= of the BOY T test results, the follosing recommendations were made:

Fliminate directhy incident decollimated Light from striking the <kin of the TCAL

Liprev e the instrumentation used for determination of enermy flun density.

hese recommendations were implemented for the first test of the complete Ranger Block HETCMCIPT bus
with RO\ <ubay stem attachedt. Pinextensions were added to the ROV =ubsystem solar absorbing fias.
increasing the cffective width of these fina. These extensions were attached =0 as not o add 1o the energy

abzothed by the fins thems=elves and were trimmed to a width which would shade the polished aluminum <kin
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of the subss stem from directly indident cnergv. A thermopile was used in this test to monitor solar simulation
flux densitv replacing the solar cell used in the first test of the RCA TCML Alihough the average cquitibrium
temperature of the ROCA subsystem under solar simulation in this test was considerably tower than the
prodicred flight temperatare. 1009 of the encray input 1o the subsvstem could be acenunted for. This was a
stanificant improvement over the results of the first RCA TCM test. The lower-than-flight temperature in

this test resulted from partial blockage of divectlv inetdent solar energy on the FCM fins and, in some

locations. partial shucdoswing of the fin by the ring on the fin above.

When the solar simulator Hight< were initially tuened on for the complete TOM, the white surfaces on
the fronts of the elecronic chassis were ) Huminated due to decollimation of the solar simulation sourc e,
Bascd on the hifficuities eocountered with the RCA TOM in the first test, shading strips or “evebrows™
were added to the tops of the cases to eliminate itlumination of the vertical case surfaces. The enerey flux

on the fronts of the vases was eeduced considerably by thear “evebrons™

Values of abeorptance in the mercuary-yenon spectrum of the 25-ft Space Simulator were experimentaltv
eviduate:d throngh the use of 0 “hutton boy™” developed at 1P tRef. 3. Lhe mereurv-xenon absorptances
were used i evaluating the test duta obtamed in the TOMW tests and PIV test. The absorptance values
)
1

sttained, togarther Gith eI respective solar absamptances fealenlated from the lohnson curvel. are listed in

Fable BE. The merowrv-venon absorptances are thought to be aceurate to = 109,

Table B1. Comparisen of measured Hg-Xe absorptances in JPL
25-ft Space Simulator with calculated solar absorptances for

several spacecraft surface treatments

[ Surfoce ] Solar | HgXe | Percent |

SR HEG SRS S Error

r Polished gold “—«t 0.22 | 0.263 . 19.5
Polished aluminum : 0.185 | 0214 | . 157
Cat-a-iac black paint 0.96 l 0.962 . 0.2

| W40 white paint 0.225 } 0.337 . 720

' RCA No. 1 (white with 0.7% black) 0.37 f 0.43 . 162

# RCA No. 2 iwhite with 3.2% black) 0.55 ] 0.58 .55

! RCA No. 3 (white with 12.9% black) 0.76 { 0.82 .79

‘L RCA No. 4 (PV-100 white | 0.22 ’L 031 . 41.0
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Fnergy ftux mapping of the spacecraft surfaces was performed before cach thend tests The purpose
of the mapping was to furnish data on directdy incident and reflected <olar enervey for b various speace s raf
surfaces. As <tated previouskve this mapping did not elininate the errors due o 0 vaped <paecrah
temperature {ield, However, it did factlitate the calculaton of solar encrgv absorbed an oo portion= of
the spavcevraft in the analvsis of test data. Unfortunately. the acouracy of these catoulations is Dimted b

. . . - !
the accuraey of the mapping datas which is estimated o be =0 watts ft=,

More detatled desariptisns of these tests mav be found in Refs. 4 -7,
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